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[57] ABSriRACT 

Packet transfer is controlled by using an acceleration 
rate of packet transfers or by using a packet transfer rate 
acceleration ratio to predict that congestion will occur 
at a prescribed time in the future. Congestion avoidance 
in packet integrated networks is thereby achieved in a 
network having both variable rate terminal nodes and 
fixed rate terminal nodes. A future packet transfer rate 
is predicted in a congestion prediction circuit on the 
basis of a pre-established upper limit for the packet 
transfer acceleration or acceleration ratio. When it is 
predicted that the packet transfer rate win exceed a 
permissible value, a congestion prediction signal is out- 
put or a rate increase request indication is deleted. The 
invention prevents packets from being discarded in the 
packet network, allows buffer memory capacity of 
nodes in the network to be decreased, and avoids the 
generation of new packets when signal congestion is 
predicted. 
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- efficient network operation, but this will result in over- 

PACKET NETWORK AND MEmO D FOR aU network efficiency deteriorating and an increase in 

CONGESTION AV O EDANCE IN PACKET overaU system costs. One way of ensuring that conges- 

NETWORKS tion does not occur would be to construct a network 

5 with plenty of surplus capacity. However, constructing 

BACKGROUND OF THE INVENTION a network with plenty of surplus capacity amounts to 

1. Field of the Invention providing equipment that is used only on occasion; for 
This invention relates to packet networks with vari> example, buffers of snfficient size at intermediate and 

able bit rate attributes. Specifically, the invention re- terminal nodes. This approach causes efficieacy to dete- 
lates to packet networks that can transfer variable riorate. 

length pad:ets, including frame relay service or ATM Another method for contiollrng congestion m packet 
(Asynchronous Transfer Mode) and other fixed length networks is to control packet transfer by monitoring 
packets (cells) at variable bit rates; to a method for packet flow (by sampling short periods during packet 
avoiding congestion in packet networks; and to the transfer) and on this basis decide whether or not conges- 
node configurations required for these purposes. tion is occurring (this is called window flow control). 

2. Description of the Related Art This technique is described in Japanese Unexamined 
Hitherto, tiie transmission bit rate in a t ran s mis s io n Patent Disclosure No. 3-174848 (patent application Ser. 

Une, for example, the transmission bit rate expressed in No. 07/400,858, now issued as U.S. Pat. No. 5,193,151). 
terms of bit/sec, has taken the form of a constant base The principles of congestion avoidance according to 
rate. Similarly, switching facilities have operated at a 20 ^j^i^ method are shown in FIGS. 2A to 20. According 
constant base rate. to this method, round-trip delay time is measured at 

In packet networks or ATM network^ variable source nodes. When the round-trip delay time de- 
lengApacketsor ATM-tjijefixedlt^^ ^^^^ it is estimated that the network is not in an 

are transferred tl^ough the network from so^^ ^^^,1^^^ condition. Thus, packet transfer from the 

to destination nodes via intermediate nodes. The pack- 25 ^ ^ ^^^^ ^ ^^^^^ ^ 

ets are transferred on the basis of a destmation address, #1,- i», ,n..^nr i* ^«s«.^^ *u»* 

or path or channel identifiers, corresponding to thes^ round-top dehiy tmie mcreases, it is ^tanated that 

^ T *iL t«cixw«ci», wA/*x wpwMuui5 w lucac ^ network is m an overload condition. Thus, packet 

packets. The network is constituted m such a manner ^ "7 2" "/^ vvwi«au wuuiuuu. paw&ci 

fiiot ♦«.«««4ccj^ , transfer from the source side is decreased, haltmg the 

tnat transmission is possible at user*convement timings. ef f Vai> 

These packet networks or ATM networks arc consti- 30 ™ster ot pacicets. 

tuted so that the average bit rate can vary in agreement ^ ^'"f^ enconntered witii window flow control is 
with a users' convenience. P^^^^ "® discarded when smaU capacity buffers 

The following metiiods have been adopted as coun- provided at the nod^. Moreover, the prediction of 

termeasurcs against packet congestion in such net- network congestion on the basis of delay times does not 
^ofl^ 35 always agree with the actual condition of the network. 

The first system considered is a system where data Because conventional detection of congestion 
transfer within the network is carried out on the basis of amoiints to detecting congestion after a state of conges- 
call admission control. Whenever packet congestion ^ already arisen, congestion is not prevented. In 
occurs, transmission from any terminal node where other words, conventional methods do not predict con- 
there is a new transmission request becomes impossible. 40 S^on of packet transmission at a future point in time 
In this case, another transmission request Is made after a basis of packet transfer rate at the present point 
time, and if the congestion has cleared, the request Is time. 

accepted and transmission becomes possible. In tliig In addition, conventional detection of the packet 
particular case, even if congestion has occurred, trans- transfer rate for purposes of congestion detection does 
mission is still possible from terminals transmitting prior 45 ^ based on a probability distribution model for traffic 
to the occurrence of the congestion. Therefore call sources. Therdfore, when packets from a large number 
acceptance control is not straightforward or entirely ofsignal sources are multiplexed, conventional methods 
equitable. cannot cope with a case where signal source parameters 

Next, in a packet network, all tenninal nodes can change with time. Accordingly, because it has not pre- 
forward packets even if there is congestion. However, SO dieted the packet transfer rate at a prescribed time in the 
due to the congestion, overflow packets are discarded. future, it has not detect that congestion will occur. 

S ^d" r4SS*o?SlL^'"^S^^ SUMMARY OF THE INVENTION 

transmission is impossible. An object of the present invention is to provide 

The following method is employed in packet net- 55 packet networks which avoid congestion without dis- 
works to cope with congestion. When packet conges- carding packets. A further object of the present inven- 
tion is detected, transmission restrictions are applied to tion is to provide a packet network wherein high 
the source nodes and their transmission is thereby sus- throughput can be attained even with small-capacity 
pended. The principles of congestion avoidance accord- buffers. 

ing to this method are illustrated in FIGS. lA to IC. 60 These and other objectives are achieved by control- 
FIGS. lA to IC show transmission of packets from a ling packet transfer in the network on the basis of the 
source node being suspended by means of a congestion concepts of acceleration or an acceleration ratio which 
notification from a destination (or intermediate) node. are introduced as values that mdicate the degree of 

A problem encountered with this method is that increase in the packet transfer rate, 
packets will be discarded when buffers in the terminal 6S A first aspect of the present invention relates to 
nodes have small capacity. Furthennore, transmission packet networks where congestion avoidance is carried 
downtime lengthens when small capacity buffers are out on the basis of a value that indicates the degree of 
provided. Large-capacity buffers are needed to achieve increase in the packet transfer rate, an increase rate 



11/25/2003, EAST Version: 1.4.1 



5,400,329 

3 4 

limit. The packet network includes source nodes and no second term when a lower limit is established for the 

destination nodes which send and receive packets via packet transfer rate at the source nodes, 

intermediate nodes. An upper limit has been established A third aspect of the present invention relates to 

for the packet transfer rate, a rate limit, that is permissi- packet transfer control at source nodes on the basis of 

ble at die aforementioned source nodes; and an upper ^ congestion prediction signals. In a source node of a 

limit is set for a value that indicates the degree of ih> packet network where the sending and receiving of 

crease in the packet transfer rate, the increase rate limit, packets is carried out between source and destination 

at the aforementioned source nodes. nodes via mtermediate nodes an upper limit has been 

Either acceleration, which is the rate of change with established for the permissible packet transfer rate of 

respect to time in the packet transfer rate, or accelera- these packets. 

tion ratio, which is a ratio of change witii respect to The source nodes include transmitting and decreasing 
time in the packet transfer rate;» can be used as the in- means. The transmitting means transmits packets at a 
crease rate limit In addition, a lower limit or an initial transfer rate that is within the aforementioned upper 
bit rate can be established for the packet transfer rate at limit and which corresponds to a value indicating the 
source nodes in the packet network. degree of increase in the packet transfer rate up to a 
Intermediate nodes or destination nodes of the packet prescribed value, an increase rate limit. The decreasing 
network can be provided with means for predicting the means decreases the packet transfer rate when a conges- 
packet transfer rate t seconds later on the basis of (a) the tion prediction signal indicating that congestion will 
packet transfer rate of transit packets or the packet occur is received from an intermediate node or a desti* 
transfer rate of incoming packets, and (b) the aforemen- nation node. 

tioned increase rate limit. These intermediate nodes or Instead of rtoognizing predicted congestion through 

destination nodes can have a means which predicts, on receipt of a congestion signal, the source nodes can be 

the basis of the predicted packet transfer rate, that con- provided with an increase request detection means, 

gestion will occur. In addition, the intermediate nodes ^ ^ When the increase request detection means fails to re* 

or destination nodes can have a means for notifying the ceive a request for increasing the packet transfer rate 

source nodes of congestion when congestion is pre- from an intermediate or destination node, predicted 

dieted. congestion is recognized. As a result of recognizing the 

A second aspect of the present invention relates to predicted congestion, the source node decreases its 

the prediction of the packet transfer rate and to padket ^ packet transfer rate. 

prediction of congestioa For each destination address, Furthermore, when a congestion prediction signal is 

or path or channel identifier, of packets being trans- received, the source node can be provided with a means 

ferred through the transmission lines, an upper limit is which increases the transmission interval at which 

stipulated for the degree of increase in packet transfer packets are transmitted by k (k> 1) times the packet 

rate, the increase rate limit. 35 transmission interval corresponding to the packet trans- 

A means is provided for detecting the transfer rate of fer rate at that point in time. Alternatively, the source 

currentiy arriving packets. Also, a means is provided node can be provided with a means which decreases the 

for predicting the mflxitnntn packet transfer rate after packet transfer rate by decreasing the packet transfer 

time t on the basis of (a) the detected packet transfer rate at that point in time by a fixed ratio or a constant 

rate and (b) the increase rate hmit 40 exponential ratio when a congestion prediction signal is 

The rate prediction means which predicts the maxi- received, 

mum packet transfer rate can have a means whereby the The source nodes can also be provided with a packet 

maximum packet transfer rate V(t) after time t is ob- transmission control circuit for decreasing the packet 

tained by computation using: transfer rate on the basis of a received congestion pre- 

45 diction signaL This packet transmission control circuit 

^ includes a table havmg elapsed times for addresses and 

y(0 « ^2 + a/, t packet transmission intervals which become exponen- 
tially shorter with the el^sed time address. Packet 

«,i,«r« ^ /';- 1 o*-» ♦u^ . ^ transmission is carried out by incrementally addressing 

wnere a/(i=l'^m) are the upper hmits stipulated for .. • . . ^ « i^*. ^ ..t ^ 

*\,i.r^^rA,Ltf.^f>a\^^f\^r.^^^^^u^f^^^A^ 50 ^ transuussion mtervals of the table. When a stipu- 

tne packet acceleration of each of m nodes, mcrease rate t^j i^,. » i^j^i. 

««,jic ft,- ♦^♦-i ..^^i^Jn^-^of** packet transfer rate is reached, the packet trans- 
haute, and Vx ^ the total current packet transfer rate. n^oVcontrol circuit returns to an eUpsed time ad- 
The rate predicuon means can also have a means for corresponding to this stipulated packet transfer 
obtaining the maximum packet transfer rate V(t) after wil«»|/uiiw*u5 uiu oupiuaKM pawA^^v uaw>««,x 
*^ TTvr iMOM^ uaii:»ta xau: vy,^ aiiw ^ transmission of packets usmg the packet trans- 
time t by computation usme: ... 1 ' * It »r 

55 mission mtervals in the table can resume. Moreover, if a 

congestion prediction signal is received from the net- 

V(t) = 2 (Fci* «q>03f • i)) + i work, the packet transmission control circuit can also 

'="1 ' y=i transmit packets after returning to an elapsed time ad- 
dress with a value that has been decreased by a fixed 

where expOS) is the upper limit stipulated for the packet 60 number or a fixed ratio. 

acceleration ratio, the increase rate limit; the transmis- A fourth aspect of the present invention relates to a 

sion lines are divided into n groups; for each group, the method for avoiding congestion m packet networks, 

computation is based on (a) the maximum acceleration The method applies to congestion avoidance in packet 

ratio coefficient /8/and the mftxim^m acceleration ratio networks wherein (a) sending and receiving of packets 

e^'(i=l~n) within the group in question, and (b) the 65 is carried out between source nodes and destination 

current packet transfer rates Vgi Vg/i for the various nodes via intermediate nodes, and (b) an upper limit has 

groups; VI; is the initial bit rate at each source node; and been established for the packet transfer rate that is per- 

S is the total number of source nodes. Mote that there is missible at the aforementioned source nodes. 



11/25/2003, EAST Version: 1.4.1 



The aforementioned source nodes transmit packets 
within the limits of the permissible packet transfer rate 
and within an upper limit for a value indicating the 
d^ee of increase in packet transfer rate, the increase 
rate limit. The aforementioned intermediate nodes or 5 
destination nodes predict the packet transfer rate at time 
t later based on (a) the packet transfer rate of transit 
packets or the packet transfer rate of incoming packets, 
and (b) the increase rate limit When congestion is pre- 
dicteid, the aforementioned source nodes are so notified. 10 
When the aforementioned source nodes receive ibis 
notification, they decrease the packet transfer rate at 
that point in time. The increase rate limit can be acceler- 
ation or an acceleration ratio. 

Furtfaennore, when source nodes receive notification IS 
that congestion is antidpated, they can decrease the 
packet transfer rate by a fixed value. The source nodes 
can also decrease the packet transfer rate by a fixed 
ratio or a constant exponential ratio. Moreover* notifi- 
cation that congestion is anticipated can be accom- 20 
plished by not transmitting a packet transfer rate in- 
crease request signal to the source nodes. 

Additionally, a lower limit or an initial bit rate can be 
established for the packet transfer rate at source nodes. 

To transmit packets from a source node of a packet 25 
network according to this invention, a maTrimum per- 
missible packet transfer rate and a minimimi packet 
transfer rate (^0) are set In addition, an upper limit is 
established for the bit rate increase (he,, the accelera- 
tion) or for the bit rate increase ratio Q.e., the accelera- 30 
tion ratio). The upper limit is set at a value indicating 
the degree to which the packet transfer rate can be 
increased up to the mflTiTniim packet transfer rate. Each 
source node is able to increase the packet transfer rate 
within the limits of this acceleration or acceleration 35 
ratio and the TnaTimnTn pennissible packet transfer rate. 

As to the detection of future occurrences of conges- 
tion, let the upper limit of, for example, acceleration, be 
a, and the current packet transfer rate be V. The packet 
transfer rate after time t can then be obtained by means 40 
of the formula V(t)=V+a-t This predicted packet 
transfer rate enables a decision to be made as to whether 
or not congestion is anticipated. When coogestion is 
anticipated, an intermediate node or a destination node 
transmits a congestion prediction signal to the source 45 
node. 

When the source node receives a congestion predic- 
tion signal from the intermediate nodes or destination 
nodes of the packet network, the source node decreases 
the packet transfer rate. Moreover, the source node can 50 
be notified that congestion is anticipated and can 
thereby decrease its packet transfer rate, by deleting a 
Int rate increase request signal indicator. 

Packet transfer control therefore involves control- 
ling, at the source nodes, the packet transfer rate of 55 
packets forwarded to the transmission lines. Control is 
performed using either the arrival of the aforemen- 
tioned congestion prediction signal or the non-arrival of 
a bit rate increase request signal. This packet transfer 
control provides a packet transmission interval table 60 
constructed in such manner that the packet transmission 
interval decreases exponentially with respect to increas- 
ing addresses of the table. The table enables the packet 
transfer rate to be increased exponentially by incre- 
menting the address of the table. When the highest bit 65 
rate has been reached, table access is controlled so as to 
maintain this bit rate. On the other hand, when a con- 
gestion prediction is received, the control decreases the 
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packet transfer rate at the source node. This is achieved 
by returning to a particular address or decreasmg the 
address value by a fixed ratio or a fixed number to ob- 
tain longer transmission intervals from the table. Then 
increasing the table address resumes as before. 

Other objects, features, and characteristics of the 
present invention; methods, operation and functions of 
the related elements of the structure; combination of 
parts; and economies of manufacture will become ap- 
parent from the following detailed description of the 
preferred embodiments and accompanying drawings, 
all of which form a part of this specification; wherein 
like reference numer^ designate corresponding parts 
in the various figures. 

BRIEF DESCRIFnON OF THE DRAWINGS 

FIGS. lA, IB and IC show the principles of conges- 
tion avoidance by conventional halting of transmission 
at source nodes; 

FIGS. 2A, 2B and 2C show the principles of cooges- 
tion avoidance by conventional window flow control; 

FIG. 3 shows the configuration of a packet network 
to which the present invention is applied; 

FIG. 4 represents the packet network of FIG. 3 in 
simplified form; 

FIG. 5 is a block diagram showing the configuration 
of a variable packet rate terminal node or a fixed packet 
rate terminal node, and an intermediate node according 
to the present invention; 
FIG. 6 is a graph of packet transfer rates versus time; 
FIG. 7 are graphs of the temporal relation between 
(1) the flow rate of packets output from a packet trans- 
mitting terminal node and (2) the fiow rate of packets 
input to an intermediate node, according to an embodi- 
ment of the present invention; 
. FIG. 8 is a graph of the results of a congestion avoid- 
ance simulation at an intermediate node of the present 
invention when k= 1.25; 

FIG. 9 b a graph of the temporal relation between (1) 
the fiow rate of packets output from a packet transmit- 
ting termmal node and (2) the flow rate of packets input 
to an intermediate node, according to an embodunent of 
the present invention; 

FIG. 10 shows the results of congestion avoidance at 
an intermediate node; 

FIG. 11 is a graph of the results of a congestion 
avoidance sunulation at an intermediate node of the 
present invention; 

FIG. 12 shows a configuration of a variable rate ter- 
minal node, fixed rate terminal node, and intermediate 
node according to an embodiment of the present inven- 
tion; 

FIG. 13 is a graph of the relation between the bit rates 
of the Constant Bit Rate (CBR) service and the Variable 
Bit Rate (VBR) service; 

FIG. 14 is a graph of the change in bit rate with 
respect to time for Constant Bit Rate (CBR) service 
(fixed acceleration ratio); 

FIG. 15 is a graph of the change in bit rate with 
respect to time for Variable Bit Rate (VBR) service 
(fixed acceleration ratio); 

FIG. 16 is a graph representing the situation where 
there is a bit rate decrease in Variable Bit Rate (VBR) 
service when the total bit rate is predicted to reach the 
upper limit for throughput; 

FIG. 17 is a block diagram showing the configuration 
of a packet rate predictor according to the present in- 
vention; 
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FIG. 18 is a block diagram showing another cx)nfigu- below a predetermined value. In addition, when con- 
ration for a packet rate predictor according to the pres- gestion prediction signal receiving circuit 39 receives a 

ent invention; congestion prediction signal, the packet transfer rate is 

FIG. 19 is a block diagram showing the configuration decreased to give a packet transmission interval which 

of a packet transfer control circuit according totlie 5 isk(k>l) times the packet transmission interval corre- 

present invention; sponding to the packet transfer rate at that point in time. 

FIG. 20 shows the contents of a table of packet trans* Thereafter, the packet transfer rate is again increased 

mission intervals according to the present mventioo; ^hSlc maintaining the acceleiation below the predeter- 

FIG. 21 is a block diagram showing another coniigu- mined value, 

ration for a packet transfer control circuit according to 10 ^ example will now be given of a method for calcu- 

tfae present invention and lading tiie packet transfer rate. Let the minimum packet 

FIG. 22 shows the contents of a table of packet trans- ^^^^ ^^^j y^^^ Q,it/s^) (v;„,„>0), 

mission mtcrvals accordmg to the present mvcntion. maximum packet transfer rate be Vmax (bit/sec), tiie 

DETAILED DESCRIPTION OF THE acceleration be a(bit/sec2), the fixed packet length be 

EMBODIMENTS L(bit), the offset time (corresponding to the minimum 

- - 1 ^ ^ 1 £5 *s packet transfer rate) be to, the time taken for the packet 

maSshowsanexampleofane^^ ^ansfer rate be T (sec) (k;:lusive of offset time), J^d tii^ 

to which this invention is apphcable. The ne^ork m- ^^^^^^^ (kclusive of offset time) within the 

eludes intermediate nodes 2 mterconnectcd by transmis- ™: V ^ "T 1 * • wiimu 

sion lines 11, and packet terminal nodes 3 provided for 20 toe ta^ for the packet tr^^ 

these intermediate nodes 2. (f^)' Th« T^^^^ traiBmission mtervid P„«. (sec) and 

FIG. 4 represents the packet network of FIG. 3 in Pf*f ^^^l ^ (bit/sec) at the present 

abbreviated form by focusing on a single intermediate PO"^^ in time can therefore be expressed as foUows: 

node 2. The packet transmitting terminal nodes and /T (\) 

packet receiving terminal nodes are connected via inter- 25 

mediate node 2. Even tiiough the network is tiius sim- Pnaw»L/(fU^){V^-T/V^Stnm^T (2) 
plified to a single intermediate node 2, the general oper- 
ation of congestion avoidance is not lost There are no iW^^KiMj^CW™?) 0) 
topological restrictions such as in the media-access con- 
trol (MAC) of LANs (e.g., Ethernets, token passmg» 30 Vnm^L/F^ (4) 
FDDI and DQDB). 

The relations among Vram, Vmax. V«o»p» a. T, tuowand 
to are shown in FIG. 6. In this figure, the horizontal axis 
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An example wherein packet transfer is controlled is els^sed time widiin the time taken for the packet 
using the acceleration of packet transfer is described 35 transfer rate to increase* and the vertical axis is the 
below. packet transfer rate. 

FIG. 5 illustrates the configuration of a transmit-side When a congestion prediction signal is received* 
packet tenmnal node 3 (also, referred to as tiie packet tm,w/k (k> 1) is made the new current elapsed time t«cw» 
transmitting terminal node 3) and intermediate node 2 jf ^^^^ \^ than t©, it is rounded up to to. The packet 
or destination node 2, basal on the configuration de- 40 transmission interval p is then obtained from Equations 
picted in FIG. 4, for describing congestion avoidance (l)--(4). In this case as well, the maximum value oft is 
according to tiie present invention. The configuration j ^y^^jj equivalent to dividing tiie current packet 
of tiie reccive-sidc terminal destination node is symmet- transfer rate by k, U.S. Pat No. 5,193,151 discloses tiiis 
rical witii tiiat of tiie transmit-side node, and is therefore technique of obtaining T from the current packet trans- 
omitted. 45 rate and k- 

Intermediate node 2 has buffer memory 21 and con- ^ intermediate node 2 of tiie packet network, 
gesdon prediction ™t 2S. In addition, packet tnms- ^ tion prediction circuit 25 monitors for conges- 
numng termmd node 3 h^ packet assembly arc^ tion in tiie packet transmission lines. When congestion is 

bufrermmory32 packetdisassemblyc^^^^ \ of this monitoring, congestion 

flow control (packet transmission mterval control) cir- 50 k*-^**^*^ ™ *™ e» ^ 

cuit 35 and congestion prediction signal receiving cir- "^fH ^'f ^ ^S^l.^. 

cuit 39. The packet flow control <l^t controls tiie P^^^^^^ tomsmisaon hne 11 to all packet transmittmg 
forwarding of packets from buffer memory 32. The tiiat use tius packet transmission hne. 

congestion prediction signal receiving circuit receives ^he number of packets per umt tune momtored may 
congestion prediction signals tiiat have been sent from 35 ^ number of packets in a shdmg wmdow umt tnne, 
intermediate node 2 and notifies packet flow control which will be described hereinafter. Congestion predic- 
circuit 35 of these signals. ^® performed based on a detected mean value 

The packet assembly circuit 31 groups data for trans- threshold, which can be realized by a first or higher 
mission into packets and sends them to buffer memory order recursive filter. 

32. Under control of packet flow control circuit 35, the 60 A threshold value Vth is set so that Vih = V«w* where: 
forwarding of packets in buffer memory 32 to packet 

transmission line 11 is started at a packet transmission 2DxoXn+ ^'«n*=>m« 

interval corresponding to a prescribed low packet trans- 

fer rate (the initial rate). The packet flow control circuit Where V,^ is Uie current packet transfer rate; 2D is 
35 shortens the packet transmission interval as time 65 to or greater than the maximum round-trip delay 
passes until the mairimnm packet transfer rate is between packet transmitting terminal node 3 and 

reached. The increase in packet transfer rate per unit intermediate node 2; a is the acceleration at packet 
tune (Le., the acceleration of packet transfer rate) is kept transmitting terminal node 3; n is the number of packet 
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terminal ncxles that use packet transmission line 11; and 
Vmox the permissible packet transfer rate. 

FIG. 7 shows the relation between (1) the flow rate 
per unit time of packets output from packet transmitting 
node 3, and (2) the flow rate per unit time of packets 
input to intermediate node 2; where D is the delay time 
between packet transmitting terminal node 3 and inter- 
mediate node 2. Intermediate node 2 predicts conges- 
tion at time b and sends a congestion prediction signal to 
packet transmitting terminal node 3. Packet transmit- 
ting tenninal node 3 receives the congestion prediction 
signal at time c, which is delay time D later, and de- 
creases the packet transfer rate by lA (k>l). The 
packet transfer rate decreases at intermediate node 2 at 
time d, which is 2D after the congestion prediction 
signal was sent Consequently, to prevent buffer over- 
flow in the interval from time b to time d, the upper 
limit of acceleration a at packet transmitting tennhml 
node 3, the threshold value and the Tnititmnm repeating 
period for transmission of a congestion prediction signal 
have to be selected after taking delay time D and the 
number of packet terminal nodes n into consideration. 

This meUiod of multiplying the current packet trans- 
mission interval by a factor k when a congestion predic- 
tion signal is produced, permits equitable use of trans- 
mission line 11 by aU packet tenninal nodes which for- 
ward packets. Furthermore, by decreasing the current 
packet transfer rate by a fixed value when a congestion 
prediction signal is produced, gives priority of use of 30 
transmission line 11 to those packet terminal nodes. 

FIG. 8 shows the results of simulation of congestion 
avoidance in intermediate node 2 when k=1.2S. The 
simulation parameters were as follows: 

35 



10 



15 



20 



25 



Fixed packet len^ L 
Packet line rate 
(packet transfer rate) 
Number o of packet tenniua] nodes using 
coBgested iBtennedlate node 
Minimnm pa rVgt transfer n tft A 
initial rate) of packet tnnsinittiiig 
tenntnal nodes 

Maximuin packet transfer rate 



S3 bytes 
ISO Mbit/sec 

100 

300 kbit/sec 



15 Mbit/sec 



40 



Inodes 

Tune T taken for packet transfer 

rate mctease of packet tnnsmittiag 

terminal nodes 

Increase in packet transfer 

accelerotioa (eO of packet 

intnjii||yi|f terminal 

nodes 

Round'trip delay time 2D 
Threshold V|A(niean packet 
transfer rate in 1 msec 
sliding window) 
Ikfinsnum repeating period for 
tnmsnussion of a congestion 
prediction 



250i 



S8.8 Mbit/sec2 



2 msec 

150 X 0.85 Mbit/sec 



4,5 1 



50 



In FIG. 8, (a) indicates the number of packets which 
are arriving at the input to buffer memory 21 of interme- ^0 
diate node 2 per unit time as a function of the output 
capacity per unit time of the intermediate node as ob- 
served every 100 packets (0.282 msec); (b) indicates the 
maximimi queue length in buffer memory 21 in terms of 
number of packets; and (c) shows the times at which a 65 
congestion prediction si^ial is produced. FIO. 8 shows 
that if buffer capacity is 40 packets, padcet dropping can 
be avoided and a throughput of 0.9 can be guaranteed. 
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Next, an explanation will be given, with reference to 
HGS. 5 and 9, of a configuration wherein the control of 
packet transfer is carried out using the packet transfer 
rate acceleration ratio. 

In this configuration, congestion prediction circuit 25 
of intermediate node 2 predicts congestion when the 
value obtained by adding the current packet transfer 
rate Vnaw in the packet transmission line to the product 
(2DX/5X V«w) or when V«„rXexp (fi*2D) exceeds the 
maximum permissible packet transfer rate Vmaxl where 
2D is equal to or greater than the maximum round>trip 
delay time between packet transmitting terminal node 3 
and intermediate node 2; and is an acceleration ratio 
coefficient (acceleration ratio: e^. 

When congestion prediction signal receiving circuit 
39 receives a congestion prediction signal, the packet 
transfer rate is decreased by setting a packet transmis- 
sion interval corresponding to (Ax(V|,ew/A)J). The 
packet transmission interval is the value obtained by 
dividmg the packet transfer rate Vnow at that point in 
time by a minimum packet transfer rate A, raising this to 
the power y where y is a constant (y < 1), and mult^ly- 
mg this by the minhnnm packet transfer rate A. 

An example of how the packet transfer rate is calcu- 
lated in this case will now be shown. Let the mitiitp ii m 
packet transfer rate (the initial rate) be A (bit/sec), the 
maxiTTi u m packet transfer rate be Vmax Q>it/sec)t the 
acceleration ratio coefficient be P (1/sec), the time 
taken for the packet transfer rate to increase from the 
minimum packet transfer rate to the mar iimim packet 
transfer rate be T (sec), the fixed packet length be L 
(bit), and the current elapsed time within the time dur- 
ing which packet transfer rate be i„ow (sec). The packet 
transmission interval F^w (sec) and the packet transfer 
rate Vju^ (bit/sec) at the present point in time are there- 
fore; 



45 



iB=(l/7)log(IW^ 



(5) 



(0 



In addition, the packet transfer rate Vig, (bit/sec) at 
time 5t (sec) after current time taow will be: 



(8) 



55 



^ AX apifi X {tnaw + ^O) = Vfm 
« fWl +/8-80...(^Sl< 1) 



• expo? • ai) 



Acceleration at the current pomt in time is therefore: 

which is proportional to packet transfer rate at the cur- 
rent point in time. 

When a congestion prediction signal is received, 
yXtfioK^ (y<I) is set as the new current eh4)sed dme 
imtm and the decreased packet transfer rate Vd^(bit/- 
sec) can be obtained from Equation (5): 
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Kfoir/i ^ AX expO XyX taow) 

This is equivalent to decreasing the transfer rate by a 
constant exponential ratio, so the transfer rate may 
^ply be decreased to (Vnowy- 

Threshold Vr^is set so that Vth^Vmw^^tn the value 
(y now'^ynowP*2D)t obtained by adding Vnow to the 
product of (a) time 2D (which is greater than or equal to 
the maximnm round-trip delay time between packet 
transmitting termixial nodes 3 and mtermediate node 2), 
(b) acceleration ratio coefficient (acceleration ratio: 
and (c) current packet transfer rate Vnow in the 
packet transmission line, or Vium^exp (fi-lD) is equal to 
the permissible padcet transfer rate Vnux. In other 
words, when: 
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(ICF) 



FIG. 9 shows the temporal relation between (1) the 
flow rate of packets output from packet transmitting 



ThuS) Vup can be predicted without knowing the 
number of packet transmitting terminal nodes that are 
using the packet transmission line under consideration. 
Note that the quantity of packets which the packet 
transmitting terminal node transmits immediately after 
packet transfer begins cannot be predicted at an inter- 
mediate node; but because this packet quantity is small, 
it may be ignored If the initial packet quantity cannot 
be ignored, the threshold level Vth may be set on the 
basis of assigning this initial value a fixed packet transfer 
rate as an offset. Accordingly, assuming that Tp=s::2D 
and yup=Vmaxi the threshold level Vth can be deter- 
mined from Equations (10) and (12) mdependently of 
the number of terminals in use. 

In this embodiment, when a packet transmitting ter- 
minal node receives a congestion prediction signal from 
an intermediate node, the resulting decrease in the 
packet transfer rate is proportional to the packet trans- 
2Q fer rate at that point in time. For this reason, if conges- 
tion of a packet transmission line continues at an inter- 
mediate node for more than a certain time, the packet 
transfer rates of all the transmitting terminal nodes in 
use become more or less equal Fairness can therefore 
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terminal node?, and (2) the flow rate of packets input to 25 be guaranteed for the packet transmitting terminal 

intermediate node 2. Let the delay time between packet nodes that are in use. Moreover, these packet transmit- . 

transmitting terminal node 3 and intermediate node 2 be ting terminals can be given priority for using the net- 

D. It IS assumed that this delay time D includes a delay work if the packet transfer rate is decreased by a fixed 

fluctuation at intermediate node 2. Intermediate node 2 ratio when a congestion prediction signal is received, 

predicts congestion at time b when the packet transfer 3Q The same result is achieved if the transfer rate in Equa- 

rate corresponds to the threshold level, and sends a tion (5) is obtained after subtracting a fixed time t from 

congestion prediction signal to packet transmitting ter- the current elapsed time tmiirand takmg this as the new 

minal node 3. Packet transmitting terminal node 3 de- elapsed time. 

creases the packet transfer rate at time c, which is time xhc results of a simulation of congestion avoidance in 

D after the congestion prediction signal was sent. The 35 intermediate node 2 and packet transmitting terminal 

packet transfer rate drops at intermediate node 2 at time ^ode 3 when rate reduction coefficient y=0.87 are 

d. which is time 2D after the congestion prediction shown in FIGS. 10 and 11. The simulation parameters 

signal was sent Accordingly, to prevent buffer over- ^j^ed are as follows. Note that the round-trip delay times 

flow in the interval from time b to time d, consideration between congested intermediate node 2 and each packet 

must be given to delay time D and the congestion pre- 4^ transmitting termmal node 3 are assumed to be distrib- 



diction time when selecting (a) coefficient P for deter- 
mining the packet transfer acceleration ratio at packet 
transmitting terminal node 3, (b) coefficient y (y < 1) for 
decreasing the packet transfer rate when a congestion Fixed packet length L 
prediction signal is received, (c) the threshold level Vth, 45 "tc 
and (d) the minimum repeating period for transmission 
of congestion prediction signals. 

An explanation will now be given of how these pa- 
rameters are set 

Assume that N packet transmitting terminal nodes are 5Q 
currentiy using the packet transmission Une under con- 
sideration, and that the current packet transfer rate of 
packet transmission termmal node i(i=l'<^n) is Vmm^ 
The packet transfer rate Vrow observed in tiie packet 
transmission line under consideration Is therefore: 



uted uniformly between 2 msec and 3 msec. 
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1=1 



(H) 



0)&cket transfcT rate) 
Number n of packet transmittmg 
tenninal nodes which can use congested 
intennediste node shnultaneonsly 
Minimum packet transfer rate A 
Cinitial rate) of packet transmitting 
tenninal nodes 

Maiimiiin packet traosfer rate 
^max of pacta transmitting 
terminal nodes 

Time T taken for packet transfer 
rate increase of packet transmitting 
tenninal nodes 
Accderatioo ratio coefHcient 
fi of packet transmitting 
tennhial nodes 
Acceleration ratio expOS) of 



53 bytes 
150 Mbit/sec 

100 



300 kbit/sec 



IS Mbit/sec 



packet transmitdng 

In addition, the packet transfer rate Vup that will be 60 tennina] noda 
predicted in the packet transmission line in question Roimd-trip delay time 
after time from the present time will be: 



2D 



2, expos X 7>)« r«, 



/-I 

Kwiir X (1 + ^ X 



Threshold Vth (mean packet 
transfer rate in 1 msec 
(12) sb'ding window) 
exp(fi XT) Minimum repeating period for 



100 



39.12 (1/scc) 



50» = 9.76 X 10<« 



2tBsec — 3msee 
ISO X ass MUt/sec 



4J 



oion of a congestion 
prediction signal 
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FIG. 10 is a plot of the results of observations made 
every 1000 packets (2.82 msec) of changes with respect 
to time in the majdmum bufifer memory queue length 
and the packet transfer rate of congested intermediate 
node 2 for the case where a large number of packet 5 
transmitting terminal nodes 3 all began transmitting 
packets at once. In FIG. 10, (a) is the number of packet 
transmitting terminal nodes currently transmitting 
packets, (c) is the tngTitnum queue length in the buffer 
memory within the observation interval, (b) indicates 
the packet transfer rate in the buffer input of the con* 
gested Intermediate node as a percentage of a base 
padcet transfer rate of 150 Mbit/sec, and (d) shows the 
times at which a oongestioa prediction signal is pro- 
duced. This shnulation shows that even when a large 
number of packet transmitting terminal nodes 3 begin 
transmitting packets simultaneously, congestion avoid- 
ance is performed in a stable manner with no buffer 
overflow despite small buffer capacity. 

FIG. 11 is a plot of the results of observations made 
every 100 packets (0.282 msec) of the congestion avoid- 
ance situation for the case where 100 packet transmit- 
ting terminal nodes 3 are using the packet transmission 
lines of congested intermediate node 2. In FIG. 11, (a) 
indicates the . maximum value of the sliding window 
output during the observation time as a percentage, 
while (b), (c) and (d) are the same as In FIG. 10. This 
simulation shows that a congestion prediction signal is 
produced at the point in time when the sliding window 
output exceeds the threshold level, with congestion 
avoidance being carried out as a result. 

EMBODIMENT 3 

Next, an explanation will be given of congestion 33 
avoidance in packet integrated networks wherein the 
network has variable rate terminal nodes and fixed rate 
terminal nodes. 

FIG. 12 shows a sin^e intermediate node 20, a single 
variable rate terminal node 30 and a single fbied rate ^ 
terminal node 40 of a packet integrated network. Inter- 
mediate node 20 is interconnected in a mesh-like man- 
ner within the packet integrated network by way of 
transmission lines 11. Variable rate terminal nodes 30 
and fixed rate terminal nodes 40 are each connected by 45 
way of transmission lines 11 to corresponding interme- 
diate nodes 20, and the 1:1, Im, N:l and paths that 
are established between them are based on two-way 
connections via intermediate nodes 20. Note that apart 
from the 1:1 connections, the paths involve branching 50 
and joining at intermediate nodes 20 are not shown. 

Shown in FIG. 12, variable rate terminal node 30 
Includes packet assembly circuit 31, buffer memory 32, 
buffer memory 33, packet disassembly circuit 34, packet 
flow control circuit 35, buffer capacity detection circuit 55 
36, rate increase request indication transmitting circuit 
37 and rate increase request indication receiving circuit 
38. Packet assembly circuit 31 and buffer memory 32 
carry out packet transmission, and buffer memory 33 
and packet disassembly drcuit 34 carry out packet re- 60 
ceiving. 

Fixed rate terminal node 40 includes packet assembly 
circuit 41, buffer memory 42, buffer memory 43, packet 
disassembly circuit 44, and packet flow control circuit 
45. Packet assembly circuit 41 and buffer memory 42 65 
carry and out packet transmission, and buffer memory 
43 and packet disassembly circuit 44 carry out packet 
receiving. 
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Intermediate node 20 includes buffer memories 21 
and 22 and path selection circuits 23 and 24, which 
carry out relaying of packets in both directions. Inter- 
mediate node 20 also includes congestion prediction 
circuits 25 and 26, and rate increase request indication 
deleting circuits 27 and 28. 

Nex^ the operation of the embodiment shown in 
FIG. 12 will be described. 

(1) Transmission when a path has been established 
between variable rate terminal node 30 and an 
opposing node 

1. Operation of variable rate tenninai node 30 
Packet assonbly dicuit 31 groups Information that 

has been input to variable rate teiinina] node 30 Into 
packets, and these packets are stored in buffer memory 
32. Packet flow control circuit 35 controls buffer mem- 
ory 32 and sends packets to transmission line 11 at a 
prescribed packet transfer rate. 

Meanwhfle; pack^ which have arrived from trans- 
mission line 11 are stored in buffer memory 33 and 
output after the original information has been recon- 
structed by packet disassembly circuit 34. At this time, 
buffer capacity detection circuit 36 detects the buffer 
capacity of buffer memory 33. 

If the buffer capacity of buffer memory 33 is below a 
prescribed value, at which there is no danger of over- 
flow, rate increase request indication transmitting cir- 
cuit 37 repeatedly sends packets containing a rate in- 
crease request mdication to transmission line 11; at or 
within a prescribed time interval. The packets contain- 
ing a rate increase request indication may either be new 
packets with rate increase request indications, or pack- 
ets transmitted from buffer memory 32 which have had 
a rate increase request indication formed in a rate in- 
crease request indication area established as part of the 
packets. Note that in this latter case, if the prescribed 
time interval elapses without any packets bdng trans- 
mitted, new packets with rate increase request indica- 
tions will be generated. 

Thus, variable rate terminal node 30 will ordinarily 
transmit packets contalmng rate increase request mdica- 
tions at or within a prescribed time Interval. On the 
other hand, if buffer memory 33 starts to overflow, 
buffer capacity detection circuit 36 suspends the opera- 
tion rate increase request indication transmitting 
circuit 37. The variable rate terminal node 30 on the 
transmitting side is notified of the suspended rate in- 
crease request indications by packets which it receives 
that lack rate increase request indications. 

Rate increase request indication receiving circuit 38 
monitors incoming packets. If packets containing rate 
increase request indications are received at or within a 
prescribed time interval, the packet transfer rate control 
which packet flow control circuit 35 performs is main- 
tained. If a packet containing a rate increase request 
indication has not been received within the prescribed 
interval, it is recognized that there is a possibihty of 
congestion. The packet flow control circuit 35 then 
decreases the packet transfer rate at that point in time. 

2. Operations of intermediate node 20 

In Intermediate node 20, packets from each terminal 
node are input via transmission lines 11 to btiffer memo- 
ries 21 and 22 and stored. Congestion prediction circuit 
25 detects either the total transfer rate, quantity of pack- 
ets input to buffer memory 21, or the total quantity of 
packets output from buffer memory 21. If congestion is 
predicted, congestion prediction circuit 25 starts rate 
increase request indication deleting circuit 28. Likewise, 
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congestion prediction circuit 26 starts rate increase rate is the packet transfer rate that was secured when 

request indication deleting circuit 27. Rate increase the path was established. 

request indication deleting circuits 27 and 28 delete^ Meanwhile, packets that have arrived from transmis* 

from packets, the request indications for increases in the sion line 11 are stored in buffer memory 43 and are 
transfer rate of packets transmitted through corre- 5 output after the origmal information has been recon- 

sponding paths or transmission lines in the opposite structed by packet disassembly circuit 44. 

cUrection. When new packets carrying only rate in- 2. Operation of intermediate node 20 with respect to 

crease request indications under go the deletion opera- fixed rate terminal node 40 

tion« the new packets themselves are deleted When The operation of intermediate node 20 is the same as 

only a part of the packets contain a rate increase request an intermediate node 20 in relation to a variable 

indication, only tli« rate increase request indication part terminal node 30. However, the operation of con- 

(«L correspond of BECN bit of Frame relay) is deleted. gestion prediction circuits 25 and 26 and rate increase 

Intermediate node 20 errs on the safe side when pre- request indication deleting circuits 27 and 28 is inele- 
dicting congestion by basmg the prediction on the pre- 

dieted round-trip delay time 2d between intermediate " rate terminal node 40 there is no buffer 

node 20 and the most distant variable rate terminal node capacity detection drcuit 36, rate increase request mdi- 

30, The round-trip delay time 2d includes the control ^^^^ transmitting drcuit 37 or rate faicrease request 

delay time from detection by congestion prediction indication receiving circuit 38. Transmission control is 

circuit 25 to the packet transfer rate being decreased by Perfonned simply by packet flow control circuit 45. 

packet flow control circuit 35 plus tiie delay times in the mfns that fixed rate terminal node 40 is not af- 

buffer memories of the mtermediate node, etc. ^^^^ notificauons that cong^tion is predicted 

Packets which have been output from buffer memo- r^"^ ^ transm^ion 

ries 21 and 22 and which have passed tiirough rate °. ^"^^ ^' the packet tra^ 

increase request indication deleting circuits 27and 28 ^ conuoUed by packet flow control circuit 45 

are sent to iansmission lines 11 after respective output ^^J?^' mdependentiy of the state of the network 

patiis have been selected by patii sdectton circuits 23 cong^tion witiiout discardmg packets, it is 

J 24 necessary to predict accurately the maximum value of 

- . ^ ^ J w • the packet transfer rate at intermediate node 20. An 
Thu^ when an mtenneAate node 20 between van- 

able rate teiminal nodes 30 predicts congestion, the ^ ^ ^^^^ ^ of the upper limit of 

variable rate teramal nodes 30 on fte transmitting side j^e acceleration or acceleration ratio of the packet 

can recognize tne predicted congestion by the lack of If acceleration is used, a maximum packet 

rate mcrease request indications pcrtaimng to die patii transfer rate increase tiiat is dependent on tiic number of 

and transmission hne. In otiier words, because packets ^^^minal nodes can be predicted. If the acceleration 

containmg rate mcrease request mdications cease to be 35 ^^io is used, a maximum packet transfer rate increase 

received witiiin a prescribed ^e interval at tixe trans- t^^t is independent of the number of tcnninal nodes can 

mittmg side vanable rate termmal node 30, the possibil- predicted. 

ity of congestion can be recognized. Congestion at in- However, in this embodiment, if the transfer rate is 

termediate node 20 can tiierefore be avoided by de- less than that secured by the fixed fate terminal nodes 40 

creasing the packet transfer rate at that point in time. 4^ ^^5^ established, an increase in the packet 

(2) Transmission when a path has been established transfer rate at tiie fixed rate teratinal nodes 40 may 

between fixed rate terminal node 40 and an oppos- occur. If congestion has been predicted witiun tiic nct- 

mg node work, packet dropping will occur unless some decrease 

A path between fixed rate tennmal nodes 40 can be in the packet transfer rate is contrived. The decrease 
established when tiie proportion of Constant Bit Rate 45 should take into account the aforementioned antici- 

service (CBR/{CBR-f VBR)) does not exceed tiie ratio patcd increase in packet transfer rate at fixed rate termi- 

F that is allocated to CBR service in the transmission nal nodes 40. In other words, variable rate terminal 

lines comprising the path. Thus, this patii provides nodes 30 will have to clarify the size of this decrease in 

guaranteed capacity within the mtegrated packet net- the packet transfer rate. 

work. This is tiie basis for establishing patiis between all 50 Next, tiie amount of reduction in tiie packet transfer 

fixed rate terminal nodes 40. Consequentiy, in establish- rate that is required to avoid congestion will be ex- 

ing a new patii between fixed rate terminal nodes 40, if plained with reference to the graphs given m FIGS, 

there are places in some of the transmission lines which 13-16. 

exceeds ratio F allocated to CBR service; that particu- FIG. 13 shows the relation between bit rates in Con- 
lar path is not allowed. Instead, a fresh search is made 55 stant Bit Rate (CBR) service and Variable Bit Rate 
for a path where ratio F is not exceeded. This restriction (VBR) service. This is used to predict the packet trans- 
enables the upper limit of the proportion of a path ac- fer rate at intermediate nodes 20. 
counted for by fixed bit rate information in a packet In this figure, the horizontal axis X shows the propor- 
integrated networic to be kept below the ratio F, and tionofConstant Bit Rate service (CBR/(CBR-h VBR)), 
means that at least (1 — F) can be allocated to transmis- 60 the vertical axis S is the throughput, and W is the maxi- 
sion of variable bit rate information. mum permissible throughput at which no packets from 
1. Operation of fixed rate terminal node 40 any transmission line 11 are discarded. Note that in 
Information which has been input to fixed rate termi- CBR service the upper limit occupied by constant bit 
nal node 40 is grouped into packets by packet assembly rate information is F, O^X;^F< 1. 
circuit 41 and stored in buffer memory 42. Packet flow 65 Given that constant rate terminal nodes do not de- 
control circuit 45 controls buffer memory 42 and sends crease the packet transfer rate when congestion is pre- 
packets to transmission line 11 at a prescribed packet dieted, it follows that the mayimwm permissible 
transfer rate. Note that the maximum packet transfer throughput W will not increase at XsF. Described 
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below are the conditions such that bit rate Be of the (current bit rate) . (acceleration ratio of CBR or VBR, 
CBR service and bit rate By of the VBR service are not whichever is the larger). 

exceeded when the bit rate Be becomes WX and it is The foregoing explanation has illustrated a case 
predicted that the bit rate By becomes W(l -X) at time where the rate mcrease ratio (Le. the acceleration ratio) 
*~i^/-o *A X, -u . ^ . . ^ is fixed but a similar explanation can be given if it as- 

FIGS.14andl5sh^^^ turned that it is the rate mcrease (i.e. the acceleration) 

bit rat^ of CBR and VBR services (for a fixed accelera- that is fixed (Rc at CBR terminals and Rv at VBR tcr- 
H S.^^^ff^u^'' ^"T^ axis t IS toe For example let the rate increase of Nc fixed 

and the vertical axis S is throughput The acceleration ^^^^ ^ ^d be 2d*Rc.Nc- the rate 

ratios over time 2d (the round-trip delay time between in • at uuic ^ awi^^ \ 

intemediatenode20andthemoJ?rJt^^rme '° ?«««<>f vc v«™bletatete^ 
tenninal node 30) are exp(2d - Rc) and exp(2d-Rv) for ^'^'T^''' f»f <l««Me in p«dcet tnmsfer rate at the 
the CBR and VBR services, respectively. Rc is the *ff™^ congestion is predic- 

acceleration ratio coefficient of the CBR terminals, and tion be L; In thfa case, if it is ensored that the foUowing 
Rv is the accderation ratio coeffidcnt of the VBR ter- „ "^"^ » «atefied: 

tninals 

The increase 8Sc in CBR serviceWt rate aaer time 2d ieM-ZtoMr/Wr+MH* 

has elapsed is: . . , • 

mcrease m the packet transfer rate can be suppressed. In 

BSc=WXil^cxpC'-2d'Rc)) addition the Tnaximum bit rate after time 2d can be 

20 predicted at t=- 2d at intermediate node 20 using (cur- 
and the increase 8Sv in VBR service bit rate after time rent bit rate)4.(rate increase of CBR or VBR, which- 
2d has elapsed is: ever is the larger)-2d (Nc-f Nv). 

Although in the embodiment described above an 

dSir»F»zo-JKXl-exp(-2tf.ilv)) explanation was given of a packet integrated network 

congestion avoidance method which provided both 
In addition, because the total bit rate at t=0 reaches the Constant Bit Rate service and Variable Bit Rate service, 
maximum permissible throughput W, the variable rate a service in which no packets are discarded is possible 
terminal nodes* which are able to decrease their packet using a Variable Bit Rate service only. Furthermore, 
ttansfer rates, are informed of this at time t=:: --2d. packets contaming rate mcrease request indications are 
Smce packets contammg rate increase request mdica- 30 discarded within the network or the indication that they 
tions do not amve at these variable rate terminal nodes, contain is deleted. Thus, unlike the method that has 
Uie bit rate is decreased after a marimum time delay of cxpUiined in the foregoing embodiment wherein 

d. The decree IS obtained by multiplymg the packet congestion is avoided by communicating congestion 
tnmsfer rate by K(0<K< l)^Traiianission conto^ at prediction signals to the terminal nodes, in the embodi- 

an acceleration ratio of exp(2d-Rv), so that the rate 35 kSZT ^o««h*.,.^ r^r^^^^Hr.^ ««^;^o« o« 

becomes W(1-X)K at t=0. This is mustrated m FIG. bemg considered. cong^Uon avoidance can 

u«^it»» TTvm A^iv ^ X,. o iuu:iuAu:u lu rivj. achicvcd without causmg any mcrease m network 

traffic 

As is shown m FIG. 16, the decrease dSk in packet "«nic. , - . . , 

transfer rate is: Again m this embodiment, the fixed rate termmal 

^ nodes and variable rate terminal nodes were assumed to 
BSk=W7C(}-xy(\^K} he separate nodes but they may also be a single node; 

the use of which involves switching. For example, ap- 
which absorbs the respective rate increases dSc and 8Sv plication of this embodhnent is possible in a case where 
in the CBR and VBR . services after time 2d. In other nodes are fixed rate terminal nodes up to a given packet 
words, we may put: 45 transfer rate, while above this rate fhey become variable 

rate termmal nodes. Below a given packet transfer rate 
BSk^BSe-^SSv operations on packets containing rate increase request 

mdications are ignored, and padcets are transmitted at 
From the above, if the factor R for the packet trans- packet transfer rates that have a rate increase O-e., ac> 
fer rate decrease is made to satisfy: ccleration) or a rate mcrease ratio (i.e., acceleration 

o^K^^ n ^ 7An.xiTm w ratio) that is less than a prescribed value. On the other 

0<irg«p(-2rf.Jl»)-(l.eip(-2</.Jtc»^a-A) j^j^g^ ^^^^ ^^gj. xerwk^ nodes 

the total bit rate at t=0 wiU not reach the maximum operate as variable rate tenninal nodes, 

permissible throughput W. Note that if the bit rate ac- ^ anbodiment, the rate decreasing operation of 

celeration ratios ofboth the VBR and CBR services arc « ^ ^^^^ ^ ^f^P^^ 

smaU (1 > >2d-Rv>0 and 1 > >2d-Rc>0), the foflow- ^^^^ ^® P^^®* transfer rates of the variable rate ter- 
ing approximation b obtained: ^^^^ become equitable. However, the 

method disclosed in the foregoing embodiment makes it 

OKK^X-U'Rv-tiJUX/il^x^ possible to ensure equitable network use of all variable 

60 rate terminal nodes. Packet length may be either fixed 

which shows that the ratio of the CBR service is in- or variable. To carry out accurate congestion predic- 

creased by a factor of X(l— X) relative to the VBR tion at intermediate node 20, it is preferable to have 

service. Accordbglyy by reducii^ the acceleration ratio fixed length packets. But even with variable length 

of the CBR service, the amount of the decrease in the packets, congestion prediction is possible if the maxi- 

marimum permissible throughout to a level where no 65 mum packet length is used (when packet length distri- 

transmitted packets are discarded can be made smaller. bution is known, this can be the packet length at a given 

In addition the nn»«fniim bit rate after time 2d can be estimation error), 

predicted at time t= —2d at intermediate node 20 using Embodiment of Packet Transfer Rate Prediction 
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An explanation will be given of the congestion pre* mum rate after time t (V(t)) with the maximmn permissi- 
diction f^rfonned by the congestion prediction circuit ble rate Vmox- 

25 in intermediate nodes or packet receiving terminal Thus, in the present invention, by restricting the max- 
nodes. As was explained in the foregoing embodiments, imum acceleration of each signal source 50, it can be 
in this invention, a future packet transfer rate is pre- s guaranteed that the maTimiim predicted rate is not ex- 
dicted in congestion prediction circuit 25 on the basis of ceeded. Because this is not a conventional prediction 
a pre-established upper limit for the packet transfer based on probability, but can be decided deteiininisti- 
acceleration or acceleration ratio. When it is predicted cally, congestion can be avoided with certainty, 
that the packet transfer rate will exceed a permissible problem is encountered with the mmmnm rate 

value, a congestion prediction signal is output or a rate lo prediction by means of this method when the number m 
increase request indication is deleted. signal sources 50 is small. However, the number of 

FIG. 17 shows the configuration of an embodmaent gjg^^j sources m increases, the average rate increase is 
containing the packet rate predictor of a congestion though acceleration is small. As a result, if 

prediction circuit. . u . the delay involved in congestion control-in particular, 

A packet rat« predictor 53 accordmg to the pr^ent 15 ^^^^j ^ 

mvenUonmclud^(a)aratcmeasunngde>^^ ^ time d in the foregoing em- 

zneasures the packet transfer rate after packets transmit- t^dimenb^-becomes hirge, then the time required for 
ted from mulUple signal source 50 (which cor^^^^ prediction will incr^e. There will thcTbe a dan- 

to packet transmitting teimm^ ^f^^^^Z f ^ ger Lt, even if the current rate V„o. is 0,the packet 
plexed by multtplexmg circuit 51, and (b) rate prcdic- 20 z. * ^ n 1. 1- j • i. • 

tion caladating circuit 55 which predicts the packet ^ ^ its maximum, which is 

transfer rate a^ time t from the upper limit for accel- f ^ ^ Pjoc^g sp^ or the transmission 

eration a, the current packet transfer rate and the pre- ^« ^1 Prediction timet This tog^ is attobuta- 
diction time t. to the fact that rate prediction by this method is 

First, the destination address, or channel path or 05 dependent on tiie number of signal sources, 
identifier, of each signal source of signal source 50. Next, an explanation will be given witii reference to 
which is the subject of the measurements, has an upper FK^- 1^ of a rate prediction metiiod that is not depen- 
limit stipulated for the rate of change in the packet rate dent on the number of signal sources. FIG. 18 shows the 
whh respect to time (i.e., for acceleration a). Signals configuration ofthe packet transfer rate predictor using 
from the signal sources are multiplexed by multiplexing 30 the ratio of change in rate with another respect to time 
circuit 51, and a multiplexed signal is output. Rate mea- O-^'r the acceleration ratio of e^. 
suring device 54 inputs the multiplexed signal. In rate Multiplexing circuit 51 multiplexes a plurality of sig- 
measuring device 54, the current packet transfer rate V nals from signal sources 70, and produces a multiplexed 
can be measured from the total number of bits F (bit)in output signal which is input to rate predictor 53. Rate 
all packets per time T (sec) of the current packet flow, 35 predictor 53 has group-specific rate measuring device 
viz: 56 and rate prediction calculating circuit 55. Rate pre- 

diction calculating circuit 55 predicts the packet trans* 
F=P/7(bit/sec) fer rate after time t from (a) the current packet transfer 

rates for each group as measured by group-specific rate 
Alternatively, the packet transfer rate may also be mea- measuring device 56, (b) the ratio of change with re- 
sured by measuring packet intervals. The measured spect to time in tiie packet transfer rate tiiat is input (Le.. 
packet transfer rate is input to rate prediction calculat- acceleration ratio of e^), and (c) the prediction time 

ing circuit 55. The rate of change with respect to time in ^ input 

the rate of each signal source 50 (a/) and the prediction Group-specific rate measuring device 56 divides the 
time t are also input to rate prediction calculating cir- input mto n groups, discrimmating by means of destina- 
cuit 55. On tiie basis of tiiese tiiree inputs, the rate pre- address, path identifier or channel, and measures 

diction calculating circuit 55 predicts the packet trans- ^ ^^^^ Vgi-^Vch for packet 

ferrateaftertmietandoutputsthisasaratepredic^^^^ groups G/~G„. These current packet transfer 

Because tiie nse m the j^ket tonsfer rate of each ^ ^^^^ ^^^^ ^ ^ 

ngnd source 50 after tmiet IS restri^^ prediction calculating drciS 55. ITie measurement of 

It win not exc^d the current packet transfer rate by ^hof these packet tomsfer rates is die same as the rate 
ac^'i^of^^JS^^^ ^SSS^Kbed m connection with FIG. 17. 

SJ^^^ RatepredictioncalculatingcircuitSSperformscalcu- 
mum nse m the packet transfer rate is: j^^^ predicting the packet transfer rate after time 

S3 t from the ratio of change with respect to time in the 
^ at't packet transfer rates for each signal source 50 (accelera- 

tion ratio e^ and the a prediction time t If tiie lower 
limit for the packet transfer rate of each signal source is 
Adding tins value to tiie total current packet transfer q ^nd tiie ratio of rise in the packet t transfer rate 

rate Vx gives V(t), the predicted value for tiie maximum ^ after time t is restricted to less than exp05) per unit time, 
rate after time t: then, because it must not exceed tiie current rate by 

more than a factor of exp03t), the upper limit for the 
m maximum rise in the transfer rate is determined. The 

no = ^ + ^= I • ' predicted value for the maximum packet transfer rate 

65 V(t) of the packet flow after t can therefore be obtained 
thereby completing the calculation for the packet trans- for each packet flow group G/^Gn (signal source 50 
fer rate prediction. Congestion after time t can then be being divided mto n groups) from (a) the maximum 
predicted by comparing this predicted value for maxi- acceleration ratio coefficients fit (i^l'^n) in these 
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groups, and (b) the corrent packet transfer rates FIG. 5 or FIG. 12. Note that the packets in this embodi- 

G/~ Gn of the groups, by means of the following equa- ment are called cells, which are fixed length packets. 

tioss: In FIG. 19, cell buffer 61 temporarily stores an input 

cell a and forwards a stored cell as output cell c. Cell 

^ 5 buffer 61 outputs output cell c in response to a TRANS- 

2 (^or ezpO/ O) MirCELLconunandofceU transmit/do not transmit 

signal b. CeU buffer 61 outputs cell storage signal d 

, ^ , . ^ when the stored cells have reached a prescribed num- 

In order to reduce the prediction error, when ^oup- ^ ^ ^ ^ 

mg the packet flow mto n groups it is desirable to divide ^ forwarded, 
the groups into levels according to the size of the accel- Address generating circuit 62 is a circuit which in- 
eration ratio cxp(^). Then it is possible to guarantee that ^ ^^^^^ address value by 1 every cell cycle, 
the acceleration ratio in a group is not exceeded, by when cell storage signal d is given, address generating 
standardizing the acceleration ratio coefficients 8 in a circuit 62 gives a read address f to cell transmission 
group using the largest accderation ratio coefficient fi 15 interval table 64; the read address f having been La- 
in the group. creased consecutively from an initial value of 1. 

Unlike the method discussed with respect to FIG. 17, in cell transmission interval table 64 there is written, 

the packet transfer rate prediction method discussed corresponding to eadi address, bit information showing 

with respect to FIG. IS is suitable for prediction when whether or not a ceU is to be transmitted. The bit infor- 

there are a large number of signal sources because the 20 mation corresponding to a read address f is output as 

prediction is not dependent upon the number of signal cell transmit/do not transmit signal b. The interval 

sources. In addition, by setting certain fiias fi[^0» trans- between bits indicating that a cell is to be transmitted, 

fer rate prediction is possible even when constant bit corresponds to the cell transmis^on interval. The bit 

rate signals are a present. Therefore, this method is also information indicating whether or not a cell is to be 

applicable to rate prediction in packet integrated net- 25 transmitted is arranged so that the transmission interval 

works were both variable bit rate signal sources and decreases exponentially. An example of such a table is 

constant bit rate signal sources are present. shown in FIG. 20. 1 ^ N arc addresses corresponding to 

Packet transfer rate prediction according to FIG. 18 elapsed time after each successive cell period. At each 
is valid when each signal source 50 generates signals address there is written either bit information "1" which 
without mterruption (i.e., when the lower limit of the 30 indicates that a cell is to be transmitted at that elapsed 
signal sources is not 0). However, if signal sources time, or bit information "0" indicating that a cell is not 
j(j=l-s, where s is the total number of these signal to be transmitted at that elapsed time. Cell transmit/do 
sources), are able to halt their generation of signals fi,e., not transmit signal b therefore has either a "1" or "0" 
their lower limit is 0), and these signal sources start to specifies whether or not a ceU is to be trans- 
generate signals at time Ta which is within the prcdic- ^5 mitted at the elapse time corresponding to the address m 
tion time t, then takmg VL as the initial rate for each question. As is shown m FIG. 20, the intervals between 
source, theresultingrateincreasehasan upper limitratc succesdve "r's (correspondmg to the ceU transmission 
eiven by mtcrval) oontmues gettmg shorter, exponentially. 
^ Cell rate deciding device 63, utilizing the fact that 
vi/exp03/t-To)) ^ th^ere is a correspondence between read address f and 

the cell transmission interval (i.e., the cell rate), decides 
If it is assumed that this pomt m tune at which signal whether or not the cell rate has exceeded a stipulated 
generation begins is random for all the signal sources, vahie by comparing the read address f with a stipulated 
prediction will be imposs&le. Therefore when initial address g. If it is dedded that the ceU rate has exceed^ 
rate Vlyis very small, it can be left out from the rate ^5 the stipulated value, a decision signal h is given to ad- 
prediction calculation. However, when it cannot be djea generating circuit 62. Address gencratingcircuit 
ignored, the total of aU the initial rates is added to the recaves congestion preitetion signals 1 from the 
rate prediction calculation to give the upper limit V(t) network whra congestion is prcjhc^^ 
ofthemaximumrateprediction.asgivenbythefonow. ^ When cells are stored in ceU bufferjl and a odl 
. eaua^on. «^ ^ storage signal d is given to address generatmg circmt 62, 

^ ^ ' and address generating circuit 62 outputs a read address 

f which it has been incrementing. Cell transmission 

KO = 2 {Vgi ' • 0 + i w# interval table 64 successively outputs to ceD buffer 61 

/•I /*^l cell transmit/do not transmit signals b that correspond 

55 to this read address f By this means, output cells c are 

Thus, because the prediction of the packet transfer forwarded from cell buffer 61 at the interval corre- 

rate in the embodiments of this invention can predict sponding to the bit information indicating that a cell is 

the maximum packet transfer rate after time t, it can to be transmitted. 

accurately predict future congestion before it occurs Furthermore, ifthe cell rate corresponding to the cell 

and can, therefore, be used to avoid congestion prior to 60 transmission interval exceeds a stipulated peak rate, cell 

its occurrence. rate deciding device 63 outputs decision signal h to 

Embodiment of Packet Transfer Control address generating circuit 62. Address generating cir- 

Next, the packet transfer control performed by cuit 62 then returns read address f to an address value 

packet transmitting terminal nodes 3 will be described. corresponding to the stipulated cell rate, and repeats 

FIG. 19 is a block diagram showing the configuration of 65 anew ^e processing whereby the address value is incre- 

the packet transfer control circuit of a packet terminal mented by 1. This enables a constant cell rate (CBR: 

node, and corresponds to packet flow control circuit 35 constant bit rate) to be maintaiTieri. Now suppose that, 

of the packet transmitting terminal node depicted in in the cell transmission interval table 64 shown in FIG. 
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20, address N has been made the address corresponding 66. When read address f has been generated from ad- 

to the peak rate, and that the return address in this case dress generating circuit 65, cell transmission interval 

in N-5. Because the bit information at address N-5 is a table 66 sends cell transmit/do not transmit signal b 

**r* the peak rate will increase In this case, therefore, corresponding to this read address f to ceU buffer 61. At 

when the read address f was returned, it would have s the same time, cell transmission interval table 66 sends 

been better to have used an address where there was return addresses j and k to address generating circuit 65. 

less difference between the average cell rate and the Return address j is a return address that corresponds to 

peak rate; for example, to have made N-4 the return ^ stipulated cell rate, and return address k is a multipli- 

address. cation or subtraction type return address. 

Furthermore, if a congestion prediction signal i is jq example of the constitution of cell transmission 
input to address generating circuit 62 from the network, interval table 66 is given in FIG. 22. 1 -N are addresses 
the read addr^s f is decreased from the address value it corresponding to elapse time after each successive cell 
has at that pomt in tune by a pr^cribed num^ or a ^ ^.^ j^^^. 
prescnbed ratio. Address generatmg circuit 62 Aen ^ . a cdl is to be tnmsmit. 
starts mcrementmg the address va^ue by dl over 15 ^ed at that elapse time, or bit information «Cy* indicating 
aeam. This enables rapid decrease of the cell rate and , . *^ , ' j ^ ^1. ^ 1 ^ 
pfevents congestion. Note that when a congestion pre- a is not to be transmitted at that ^kpsc tim^^^ 
diction signal i has been input and the read address f is Also written m cell transnnssion mterval table 66, and 
reduced by a prescribed ratio, equitable use by aU correspondmg to each address, are midtiphcation or 
packet terminal nodes using the network can be guaian- «, substraction type return addresses ki ^k/sr^d return 
teed. Moreover, when the read address f is returned to ^ addressed ji ~jiv correspondmg to a stipulated cell rate 
an address value that has been decreased by a pre- The method whereby this cell transmission mterval 
scribed number, priority of use can be given to packet table 66 is constructed is the same as in the case of cell 
terminal nodes that have been forwarding cells from the transmission interval table 64 described above. How- 
outset 23 multiplication type return addresses ki-^ktraxe 
When cell buffer 61 receives a cell tiansmit/do not obtained by rounding down, rounding up or rounding 
transmit signal b instructing the transmission of a cell off after the dedmal point, the value obtained by multi- 
and ceU buffer 61 no longer stores a cell for transmis- plying the address value by a prescribed value K(K< 1). 
sion, cell buffer 61 outputs EMPTY signal e to address As described above, when making equitable use of 
generatmg circuit 62. The duration from the last cell ^ the network, address generating circuit 65 stores a re- 
transmission until the storage of a new cell is measured. turn address k (a multiplication type return address) the 
The address generating circuit 62 b then sets the ad- value of which is lower than that of the address at the 
dress value to correspond to the measured duration. current point in time by a prescribed ratio. If a conges- 
Next, construction of cell transmission interval table tion prediction signal i is input at this point in time, read 
64 will be described. Suppose, for example, that elapsed addressf is returned to this return address k and address 
time from the start of cell transmission in the transmis- incrementing is resumed. On the other hand, when use 
sion lines is t (sec); the transmission rate of V (bit/see) of the network is to be based on priority, address gener- 
has an associated constant (i.e,, acceleration) A; and the ^ting circuit 65 stores a return address k (a subtraction 
acceleration ratio coefficient is /3(l/sec). In this case, typ^ return address) the value of which is lower than 
the cell transfer rate will increase in accordance with ^ th^t of the address at the current point in time by a 
the exponential function A^xp(/3-t) (bit/sec). Defining prescribed number. If a congestion prediction signal i is 
the current cell transmission interval as P, (an integer), ^^^^ ^ point in time, read address f is returned to 
the elapsed time at the start of cell transmission at this address k and address incrementing is resumed, 
interval as t„ the cell transmission interval error as E<<- Address generating circuit 65 also stores return ad- 
|E/|<1), and the duration of a single ceU as To, the dressj corresponding to a stipulated cell rate. When the 
next cell transmission interval Pi+i (an mteger) can be ^ transfer tate exceeds the stipulated value, read ad- 
obtained by rounding down, rounding up or rounding ^ returned to this read address j in response to 
off after the decimal point of: dedsion signal h output from oeU rale deciding device 

xiwA ton Thctt addrcss incrementing is resumed. It may be 

V|(A^.(t/+PrTo)))+E, ^ j jy^g^ set to an 

Inaddition, the packet transmission interval error E^+i address value where the difference b^ 

at this time is given by: ^^U transfer rate and the peak transfer rate is small. 

^ Thus, by having all the return addresses written mto 

v|(A.«]i|)(^(t/+P/-To)))+E/-P/+i cell transmission interval table 66, address generating 

55 circuit 65 can use the given return addresses as is with- 

Cell transmission interval table 64 can be constructed out any computation being required. Consequently, 
by obtaining successive cell transmission intervals in although the memory capacity of cell transmission in- 
this way. As to the calculation of cell transmission inter- terval table 66 increases, it is no longer necessary to 
vals, it may be noted that a smooth exponential rise in have multipliers and subtracters in address generating 
the average cell transfer rate with respect to time can be 60 circuit 65; thus, facilitating high speed operation, 
obtained, for high cell transfer rates in particular, by In the configuration shown in the embodiment dis- 
error correction. The error correction is achieved by closed above, when a congestion prediction signal i is 
adding the previous cell transmission interval error. input, read address f is returned direcUy to an address 

FIG. 21 shows the configuration of another embodi- that has been decreased either by a prescribed number 
ment of the cell transmission control circuit. The con- ^5 or a prescribed ratio. However, the cell transfer rate 
figuration depicted in this figure is the same as that of m^iy also be decreased by reducing read address fat this 
the embodiment shown in FIO. 19, apart from address point in time by 1 at each cell period, and decrementing 
generating circiiit 65 and cell transmission interval table address f to an address that has been decreased by 
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a prescribed number or a prescribed ratio. In this case, 
address incrementing is resumed after read address f has 
decreased to the target address. 

Moreover, if the configuration adopted in the em- 
bodiment disclosed above is the one wherein read ad- 
dress f is returned to an address that has been decreased 
by a prescribed ratio when a congestion prediction 
signal i has been input, then, because the return address 
can take on all sorts of values according to the ceU 
transmission interval (Le., because the return time posi* 
tion becomes random) the probability of cells transmit- 
ted from a plurality of packet terminal nodes arriving 
simultaneously at a congested intermediate node can be 
reduced. 

Also, although in the embodiments shown in FIGS. 
19 and 20 the increase in the transfer rate is an accelera- 
tion ratio exp03), a cell transmission control circuit can 
be similarly constituted using a cell transmission inter- 
val table based on acceleration a. 

Effects of the Invention 

In a packet network according to this invention, in 
order to detect that congestion will occur in the future, 
the packet transfer rate at a prescribed time in the future 
is predicted deterministically and accurately on the 
basis of the current packet transfer rate and the con- 
cepts of acceleration or acceleration ratio as values 
indicatmg the increase in the packet transfer rate. As a 
result, oongestk)n within the network can be predicted, 3^ 
and effective packet transmission control can be carried 
out on the basis of this predictbn. For tins reason, this 
uxvention is effective in that 

1) packets are not discarded in the packet network; 

2) high throughput network operation is possible; 35 

3) buffer memory capacity of nodes can be decreased; 

4) there are no restrictions on network topology; 

5) an integrated network with both variable bit rate 
and constant bit rate transmission is possible; 

6) above the transfer rate stipulated for CBR trans- 40 
mitting nodes, a node can operate as a VBR trans- 
mitting node; 

7) it is applicable to 1:1 and N:M transmission; 

8) to signal congestion, the generation of new packets 
within the network can be avoided. 45 

While the mvention has been described in connection 
with vfhsx is presently considered ihe most practical 
and preferred embodiments, it b to be understood that 
the mvention is not limited to the disclosed embodi- 
ments, but on the contrary, is intended to cover various so 
modifications and equivalent arrangements included 
widiin the spirit and scope of the appended claims. 

What is claimed is: 

1. A packet transfer network comprising: 

at least one receiving nodal portion means for receiv- 55 

ing packets; and 
at least one transmitting nodal portion means for 
transferring packets to at least one receiving nodal 
portion means, the transmitting nodal portion 



at least one transmitting nodal portion means for 
transferring packets to at least one receiving nodal 
portion means, the transmitting nodal portion 
means for transferring packets at a packet transfer 
rate less than or equal to a rate limit, and the trans- 
mitting nodal portion means including packet flow 
control means for increasing the packet transfer 
rate at a rate less than or equal to a packet accelera- 
tion ratio. 

3. A packet transfer network comprising: 

at least one receiving nodal portion means for receiv- 
ing packets; and 

at least one transmitting nodal portion means for 
transferring packets to at least one receiving nodal 
portion means, the transmitting nodal portion 
means for transferring packets at a packet transfer 
rate less than or equal to a rate limit, the transmit- 
ting nodal portion means for transferring packets at 
an initial rate, and the transmitting nodal portion 
means including packet flow control means for 
mcreasing the packet transfer rate at a rate less than 
or equal to a rate increase limit 

4. A packet transfer network comprising: 

at least one receiving nodal portion means for receiv- 
ing packets; and 

at least one transmitting nodal portion means for 
transferring packets to at least one receiving nodal 
portion means, the transmitting nodal portion 
means for transferring packets at a packet transfer 
rate less than or equal to a rate limit, and the trans- 
mitting nodal portion means including packet flow 
control means for increasing the packet transfer 
rate at a rate less than or equal to a rate increase 
limit;. 

the receiving nodal portion means including predict- 
ing means for predicting the packet transfer rate 
after a predetermined time based on the rate in- 
crease limit and one of the packet transfer rate of 
transferred packets and the packet transfer rate of 
packets being received. 

5. A packet transfer network according to claim 4, 
wherein the predicting means predicts future packet 
congestion based on the predicted packet transfer rate. 

6. A packet transfer network according to claim 5 
wherein 

the receiving nodal portion means includes notifica- 
tion means for outputting a congestion signal to the 
transmitting nodal portion means when fUture 
packet congestion is predicted; and 

the transmitting nodal portion means mcludes con- 
gestion signal receiving means for receiving a conr 
gestion signal from the notification means, and 
wherein the packet flow control means reduces the 
packet transfer rate in response to a received con- 
gestion signal. 

7. A packet transfer network according to damn 6, 
wherein the packet flow control means reduces the 
packet transfer rate by a predetermined factor in re- 



means for transferring packets at a packet transfer 60 sponse to a received congestion signal. 



rate less than or equal to a rate limit, and the trans- 
mitting nodal portion means including packet flow 
control means for increasing the packet transfer 
rate at a rate less than or equal to a packet accelera- 
tion limit 

2. A packet transfer network comprising: 
at least one receiving nodal portion means for receiv- 
ing packets; and 



65 



8. A packet transfer network according to claim 5, 
wherein the predicting means predicts future packet 
congestion when the predicted packet transfer rate is 
greater than a pred^rmmed threshold, and the prede- 
termined threshold is less than or equal to the rate limit. 

9. The packet network according to claim 6, wherein 
the transmitting nodal portion means transfers pack- 
ets upon receipt of a packet transfer signal and 
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suspends tiansferring packets upon lecdpt of sus- 
pend packet transfer signals; and 
the packet flow control means includes, 
cell interval table means for storing the packet 
transfer signals and the suspend packet transfer 
signals, the cell interval table means has table 
addresses corresponding to each stored packet 
transfer signal and suspend packet transfer sig- 
nal, a ratio of an amount of stored packet transfer 
signals in the cell interval table means with re- 
spect to an amount of stored suspend packet 
transfer signals in the cell interval table means 
increasing with increasing table addresses, 
address generating means for generating a table 
address, for causing the cell interval table to 
output the one of the packet transfer signal and 
suspend packet transfer signal stored at the gen- 
erated table address, and for increasing the gen* 
erated table address, and 
cell rate deciding means for comparing the packet 
transfer rate to the rate limit, and for decreasing 
the generated table address when the packet 
transfer rate equals or exceeds the rate limit. 

10. The packet network according to daim 9, 
wherein 

the cell interval table stores return addresses address- 
able by each table address, each return address is 
less than or equal to the corresponding table ad- 
dress, and 

the cell rate deciding means changes the generated 
table address to the return address corresponding 
thereto when the packet transfer rate equals or 
exceeds the rate limit. 

11. The packet network according to daim 9, 
wherein the address generating means decreases the 
generated address when the packet congestion signal is 
recdved. 

12. A packet network comprising: 

at least one receiving nodal portion means for reodv- 
ing packets; and 

at least one transmitting nodal portion means for 
transferring packets to at least one receiving nodal 
portion means, the transmitting nodal portion 
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the generated table address when the packet 
transfer rate equals or exceeds the rate limit; 
wherein the transmitting nodal portion means 
transfers packets upon receipt of a packet transfer 
signal and suspends transferring packets upon re- 
ceipt of suspend packet transfer signals. 

13. The packet network according to claim 12, 
wherdn the ceU rate deciding means decreases the gen- 
erated table address by a predetermined number. 

14. The packet network according to claim 12, 
wherein 

the cell interval table stores return addresses address- 
able by each table address, each return address is 
less than or equal to the corresponding table ad- 
dress, and 

the cell rate deciding means changes the generated 
table address to the return address corresponding 
thereto when the packet transfer rate equals or 
exceeds the rate limit. 

15. A packet transfer network comprising: 

a plurality of transmitting nodal portion means for 
transferring packets, each transmitting nodal por- 
tion means for transferring packets at a packet 
transfer rate less than or equal to a corresponding 
rate limit, and each transmitting nodal portion 
means mcluding packet flow control means for 
increasing the packet transfer rate at a rate less than 
or equal to a corresponding packet acceleration 
limit; and 

at least one receiving nodal portion means for recdv- 
ing packets from at least one transmitting nodal 
portion means, the receiving nodal portion means 
including, 

rate measuring means for measuring the packet 
transfer rate of packets received from each trans- 
mitting nodal p)ortion means, and 

predicting means for predicting a maximum packet 
transfer rate after a predetermined time based on 
the packet acceleration limit corresponding to 
each transmitting nodal portion means and the 
measured packet transfer rates. 

16. The packet flow network according to claim 15, 
wherein the predicting means predicts the maximnm 



means for transferring packets at a packet transfer 45 - ^ transfer rate after the predetermined period of 



50 



rate less than or equal to a rate limit, and the trans- 
mitting nodal portion means including packet flow 
control means for increasing the packet transfer 
rate at a rate less than or equal to a rate increase 
limit, the packet flow control means including: 
cell interval table means for storing packet transfer 
signals and suspend packet transfer signals, the 
cdl interval table means having table addresses 
corresponding to each stored packet transfer 
signal and suspend packet transfer signal, a ratio ss 
of an amount of stored packet transfer signals in 
the cell interval table means with respect to an 
amount of stored suspend packet transfer signals 
in the cell interval table means increasmg with 
increasing table addresses, 
address generating means for generating a table 
address, for caiising the cell interval table to 
output the one of the packet transfer signal and 
suspend packet transfer signal stored at the gen- 
erated table address, and for increasing the gen- 
erated table address, and 
cell rate deciding means for comparing the packet 
transfer rate to the rate limit, and for decreasing 



time according to the following equation 
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where a/ (i=l^m) is the packet acceleration limit for 
each of m transmitting nodal portions means and Vsis 
die total measured packet transfer rate. 

17. The packet flow network according to claim 15, 
wherein the predicting means predicts fixture packet 
congestion based on Hic predicted maximum padcet 
trailer rate. 

18. The packet transfer network according to daim 
17, wherein 

the recdving nodal portion means includes notifica- 
tion means for outputting a congestion signal to the 
transmitting nodal portion means when future 
packet congestion is predicted; and 

each transmitting nodal portion means includes con- 
gestion signal recdving means for recdving a con- 
gestion signal from the notification means, and 
wherdn the packet flow control means reduces the 
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packet transfer rate in response to a received con- 



19. A congestion prediction device for a packet net- 
work, the packet network including at least one trans- 
mitting nodal portion means for transmitting packets at 
a packet transfer rate less than or equal to a correspond- 
ing rate limit, and each transmitting nodal portion 
means including packet flow control means for increas- 
ing the packet transfer rate at a rate less than or equal to 
a corresponding packet acceleration limit, the conges- 
tion prediction device comprising: 

receiving means for receiving packets transferred 
from transmitting nodal portion means; 

rate measuring means for measuring a packet transfer 



transferred packets in the group and VGi^^Gn are the 
measured group packet transfer rates. 

23. The packet transfer network according to claim 
IXf wherein the predicting means predicts the marimnTti 
packet transfer rate after the predetermined period of 
time according to the following equation 



10 
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where expO/) (i = 1 ~n) is a maximum acceleration ratio 
limit within each group out of the packet acceleration 
ratio limits for nodal transmitting portion means having 



rate of packets received from eadi transmitting is transferred packets in the group; Vg/'^Vgr are the 



nodal portion mean^ and 
predicting means for predicting a maximum packet 
transfer rate after a predetermined time based on 
the packet acceleration limits corresponding to 
each transmitting nodal portion means and the 20 
measured packet transfer rates, and for predicting 
future packet congestion based on the predicted 
maximum packet transfer rate. 
20. The congestion prediction device according to 
claim 19, wherein the predicting means predicts the 25 
maxhnum packet transfer rate after the predetermined 
period of time according to the following equation 



measured group packet transfer rates; and 



n 



VIj 



30 



where a/ 0 = 1 '-^m) is the packet acceleration limit for 
each of m transmitting nodal portions means and V^is 
the total measured packet transfer rate. 
21. A packet transfer network comprising: 
a plurality of transmitting nodal portion means for 
transferring packets to at least one receiving nodal 
portion means, each transmitting nodal portion 
means for transferring packets at a packet transfer 



35 



is a total of all initial packet transfer rates. 

24. The packet transfer network according to claim 
21, wherein the predicting means predicts future packet 
congestion based on the predicted maximimi packet 
transfer rate. 

25. The packet transfer network of claim 24, wherein 
the receiving nodal portion means includes notifica- 
tion means for outputting a congestion signal to the 
transmitting nodal portion means when future 
packet congestion is predicted; and 

each transmitting nodal portion means includes con- 
gestion signal receiving means for receiving a con- 
gestion signal from the notification means, and 
wherein the packet flow control means reduces the 
packet transfer rate in response to a received con- 
gestion signal. 

26. A congestion prediction device for a packet net- 
work, the packet network including at least one trans- 



rate less than or equal to a corresponding rate limit, 40 mitting nodal portion means for transmitting packets at 



and each transmitting nodal portion means includ- 
ing packet flow control means for increasing the 
packet transfer rate at a rate less than or equal to a 
corresponding packet acceleration ratio limi^ and 
at least one receiving nodal portion means for recdv- 45 
ing packets, the receiving nodal portion means 
including: 

group specific rate measuring means for dividing the 
packets received from the plurality of transmitting 
nodal portion means into n groups, and for measur- 50 
ing a group packet transfer rate for each gioi^>, and 

predicting means for predicting a tnaximnm packet 
transfer rate after a predetermined time based on 
the packet acceleration ratio limit corresponding to 
each transmitting nodal portion means and the 55 
measured group packet transfer rate for each 
group. 

22. The packet transfer network according to claim 
21, wherein the predicting means predicts the maximum 
packet transfer rate after the predetermined period of ^ 
time according to the foUomag equation 



a packet transfer rate less than or equal to a correspond- 
ing rate limit, and each transmitting nodal portion 
means including packet flow control means for increas- 
ing the packet transfer rate at a rate less than or equal to 
a corresponding packet acceleration ratio limit, the 
congestion prediction device comprising: 
receiving means for receiving packets transferred 

frt)m transmitting nodal portion means; 
group specific rate measuring means for dividing the 
packets received from the transmitting nodal por- 
tion means into n groups, and for measuring a 
packet transfer rate for each group; and 
predicting means for predicting a maximum packet 
transfer rate after a predetermined time based on 
the packet acceleration ratio limits corresponding 
to each transmitting nodal portion means and the 
measured group packet traxisfer rates, and for pre- 
dicting future packet congestion based on the pre- 
dicted maximum packet transfer rate. 
27. The congestion prediction device according to 
claim 26, wherein the predicting means predicts the 
fTiflyiTn iim packet transfer rate after the predetermined 
period of time according to the following equation 



6S 



where txp(fid (i = 1 '^n) is a maximum acceleration ratio 
limit within each group out of the packet acceleration 
ratio limits for nodal transmitting portion means having 



no- 
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where expC/Sj) (i^l^^n) is a fnaTimnm acceleration 32. The packet network according to claim 29, 

ratio limit within each group out of the packet wherein 

acceleration ratio limits for nodal transmitting por- the flow control means increases the packet transfer 

tion means having transferred packets in the group rate according to an increase acceleration ratio 

and Vg/'-Vgr are the measured group packet S limit; and 

transfer rates. the second nodal portion means includes* 

28. The congestion prediction device according to congestion prediction means for predicting packet 

claim 26, wherein the. predicting means predicts the congestion based on the increase acceleration ratio 

maTiimitn packct transfer rate after the predetermined limit of each first nodal portion means from which 

period of time accfOrding to the following equation 10 packets have been received, and 

deleting means for deleting increase requests from 

„ „ received packets when packet congestion is pre- 

KO = .J J {^01 • «pOf ■ 0 + .|j W/ dieted by the congestion prediction means. 

' 33. A metihod of controlling packet transfer in a 

where expOO (i= 1 ^n) is a maximum acceleration ratio packet network comprising the steps of: 

limit within each group out of the packet acceleration transferring packets from at least one transmitting 

ratio limits for nodal transmitting portion means having nodal portion means to at least one receivmg nodd 

transferred packets in the group; Vg/'-Vgh are the portion means, wherein the packets are transferred 

measured group packet transfer rates; and m ^ P^^^* '^^^ ^""^ * 

^ limit; and 

increasing the packet transfer rate at a rate less than 

2 or equal to a rate increase limit. 

^ 34. The method according to claim 33, wherein in the 

, ri, c ♦ increasing step the rate increase limit is a packet acceler- 

is a total of all mitial packet transfer rates. 25 ^tj^jj ijjn^ 

29 A packet network, comprising: 35. The method according to claim 33, wherein in the 

at least one first nodal portion means ^^l^^^^^ increasing step the rate increase limit is a packet acceler- 

packets and receivmg packets, the first nodal por- ation ratfo 

tion means includmg: . . 36. The method according to claim 33, further com- 

measunng means for m^unng a packet recei>^ 30 of transferring packets at an initial rate. 

"^^^"^^ P^'"" ''''^'^^^ of the first P 3^ ^^P^^ according to claim 33, further com- 

nodal portion means, ^ predicting the packet transfer 

mcreasereyi^tmea^foraddi^^^ ^ ^ pr^etermined time based on the rate in- 

to packets bemg tomsferred fr^mjhe fc^^^^ P^ ^^^^ ^j^^. 

portion m«ms when the measured capacity is 35 ^^^^^ ^^^^ 

re^St'deSS'^for'de^^ ^ ^^^^^^^^^^^ 

vi«i.««vuue *w* method accordme to claim 37, further com- 

padcets bemg received mclude mcr^ase requests, ^^^^^^^^^ predicting future packet con- 

flow contcol means for controlling a packet trans- 40 gestion at the receiving nodal portion means based on 
fcrratcofthefirstnodalportionmeans.theflow ^l^^^^ f^^^^J^"^ « 
control means increasing the packet transfer rate 39. The method aooordmg to claim 38, further corn- 
when increase requests arc detected and decreas- Pn^mg the steps of: . , , ^^.^i^r^r. 
ing the packet transfer rate when increase re- outputtmg a congestion sign^ to the ^mittmg 
qu^ts are not detected; and 45 ^l^dal Pordon means when future packet conges- 
at least one second nodal portion means for receiving ^ predicted; and ^ 
packets from at least one of a first nodal portion reducmg the packet transfer rate hi response to a 
means and a second nodal portion means, and for congestion signal 
transferring packets to at least one of a first nodal 40. The method accordmg to clami 39, M^em m the 
portion means and a second nodal portion means. 50 reducing step the packet transfer rate is reduced by a 
3D. The packet network according to claim 29, predetermined fector m response to a received conges- 
wherein the measuring means suspends operation of the tion signal. , . ^« . . ..t. 
increase request means when the packet receiving ca- 41- The method accordmg to claim 38, wherem m the 
padty is greater than or equal to the predetermined second predicting step, fiiture packet congestion is pre- 
value 55 dieted when the predicted packet transfer rate is greater 
31. The packet network according to claim 29, than a predetermined threshold, the predetermined 
wherein threshold is less than or equal to the rate limit 
the flow control means increases tiie packet transfer «. The method according to claim 33, fnrther com- 
rate according to an increase acceleration limit; prising the steps of: 

jmjl 60 storing packet transfer signals and suspend transfer 

the second nodal portion means includes, signals at table addresses of a ceU interval tabic, a 

congestion prediction means for predicting packet number of the packet transfer signals increasing as 

congestion based on the increase acceleration limit the table addresses increase with respect to the 

of each first nodal portion means from which pack- suspend transfer signal^ 

ets have been received, and 65 generating a table address; 

deleting means for deleting increase requests from transferring a packet when a packet transfer signal is 

received packets when packet congestion is pre- output from the cell interval table in response to 

dieted by the congestion prediction means. the table address; 
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suspending transfer of packets when a suspend trans- first predicting a maximnTn packet transfer rate after 

fer signal is output from the cell interval table in a predetermined time based on the packet accelera> 

response to the generated table address; and tion limit corresponding to each transmitting nodal 

incrementing the generated table address. portion means and the measured packet transfer 

43. The method according to claim 42, further com- 5 rates; and 

prising the steps of: second predicting future packet congestion based on 

deciding means for generating a deciding signal when the predicted fnaTimnm packet transfer rate. 

the packet transfer rate exceeds the rate limit; and 50. The method according to rloim 49, wherein the 
decreasing the generated address in response to the predicting step predicts the maTinmm packet trans- 
deciding signal. 10 f^j. ^fter the predetermined period of time aocord- 

44. The method according to claim 43, further com- j^g foUowing equation 
prising the step of: 

storing return addresses in the cell interval table, each 

return address corresponding to and being less than 2 o^r 

or equal to a table address; and wherein 15 

the decreasing means decreases the generated address , ^ * v. , , 

to the corresponding return address in response to where a/Ci=l-m) is the packet acceleration hmit for 

the deciding signal. ^ tcansmittmg nodal portions means; and Vsis 

45. A method of controDing packet transfer in a a total measured packet transfer rate. 

packet network comprising the steps of: 20 51. A method of controUing packet transfer in a 

transferring packets firom a plurality of transmitting packet network comprising the steps of: 

nodal portion means to at least one receiving nodal transferring packets to at least one receiving nodal 

portion means, wherein the packets of each trans- portion means from a plurality of transmitting 

mitting nodal portion means are transferred at a nodal portion means, wherein each transmitting 

packet transfer rate less than or equal to a corre- nodal portion means transfers packets at a packet 

sponding rate limit; transfer rate less than or equal to a corresponding 

increasing the packet transfer rate of each transmit- rate limit; 
ring nodal portion means at a rate less than or equal increasing the packet transfer rate of each transmit- 
to a corresponding packet acceleration limit; ting nodal portion means at a rate less than or equal 

measuring the packet transfer rate of packets recdved ^ to a corresponding packet accderation ratio limit; 

from each transmitting nodal portion means by the dividing the packets received from the plurality of 

receiving nodal portion means; and transmitting nodal portion means by the recdving 

first predicting a mflTitnum packet transfer rate after nodal portion means into n groups; 

a predetermined time based on the packet accelera* measuring a group packet transfer rate for each 

tion limit corresponding to each transmitting nodal group; 

portion means and the measured packet transfer first predicting means for predicting a maximum 

rates. packet transfer rate after a predetermined time 

46. The method according to claim 45, wherein the based on the packet acceleration ratio limit corre- 
first predicting step predicts the maximum packet trans- sponding to each transmitting nodal portion means 
fer rate after the predetermined period of time accord- and the measured group packet transfer rates, 
ing to the following equation 52. The method according to claim 51, wherein the 

first predicting step predicts the maximum packet trans- 

^ m fer rate after the predetermined period of time accord- 

m-yt-^ ,^1 * ' 43 Ing to the following equation 

where a/ (i= 1 ^-^m) is the packet accderation limit for » 

each of m transmitting nodal portions means and Vjis a ^ | * **pO/ • 0) 

total measured packet transfer rate. 

47. The method according to claim 45, farther com- 50 where expOS/) (i= 1 -n) is a maximum acceleration ratio 
prising tiic step of second predicting a future packet wimn each group out of tiie packet acceleration 
congestion at tiie recdving nodal portion means based ^^^^ transmitting portion means having 
on the predicted maximum packet transfer rate. transferred packets in tiie group; and Vg/~ Vg/i are the 

4«. The metiiod according to claim 47, further com- measured group packet transfer rates, 
prising tiie step of reducing tiie packet transfer rate 55 53 ^he metiiod according to daim 51, wherein the 

when future packet congestion is predicted. ^ predicting step predicts the maximum packet trans- 

49. A congestion prediction method for a jacket ^ predetermined period of time accord- 
network, tiie packet network mcludmg at least one . foUowtog equation 
transmitting nodal portion means for txansmittmg pack- * — » — » 
ets at a packet transfer rate less than or equal to a corre- 60 

sponding rate limit, and each transmitting nodal portion ^ £ (Kg/-cxpO/. r) + £ VTj 

means induding packet flow control means for incrcas- . J"^ 
ing the packet transfer rate at a rate less than or equal to 

a corresponding padset accderation limit, the conges- where exp03/) (i« 1 -^n) is a maximum acceleration ratio 
tion prediction method comprising the steps'of: 65 limit within each group out of the packet acceleration 

measuring the packet transfer rate of packets recdved ratio limits for nodd transmitting portion means having 

from each tiansmittix^ nodd portion means by the transferred packets in the group; Vo/-^ Vga are the 

recdving nodal portion means; measured group packet transfer rates; and 
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transferred packets in the group; Voi'^^Gn are the 
measured group packet transfer rates; and 



2 Vij 



10 



15 



20 



is a total of all initial packet transfer rates. 

54. The method according to claim 51, further com- 
prising the step of second predicting fiiture packet con- 
gestion based on the predicted packet transfer rate. 

55. The method according to claim 54» further com- 
prising the steps of: 

reducing the packet transfer rate at each transmittmg 
nodal portion means when future packet conges- 
tion is predicted. 

56. A method of predicting congestion in a packet 
network, the packet network including at least one 
transmitting nodal portion means for transmitting pack- 
ets at a packet transfer rate less than or equal to a corre- 
sponding rate limit, and each transmitting nodal portion 
means including packet flow control means for increas- 
ing the packet transfer rate at a rate less than or equal to 
a corresponding packet acceleration ratio limit, com- 
prising the steps of: 

dividing the packets received from the transmitting 25 
nodal portion means by the receiving nodal portion 
means into n groups; 

measuring a group packet transfer rate for each 
group; 

first predicting means for predicting a maximum 30 
packet transfer rate after a predetermined time 
based on the packet acceleration ratio limit corre- 
^onding to each transmitting nodal portion means 
and the measured group packet transfer rates; 

second predicting future packet congestion based on 
the predicted maximum packet transfer rate. 

57. The method according to claim 56, wherein the 
first predicting step predicts the maximum packet trans- 
fer rate after the predetermined period of time accord- 
ing to the following equation 
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where expOS,) (i= 1 '-n) is a maximum acceleration ratio 
limit within each group out of the packet acceleration 
ratio limits for nodal transmitting portion means having 
transferred packets in the groum and Vg/'^ Vgh are the 
measured group packet transfer rates. 

58. The method according to claim 56, wherein the 
first predicting step predicts the maximum packet trans- 
fer rate after the predetermined period of time accord- 
ing to the following equation 
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where €xp(Pd (i - 1 n) is a maximum acceleration ratio ^ 
Umit within each group out of the packet acceleration 
ratio limits for nodal transmitting portion means having 



is a total of all initial packet transfer rates. 

59. A method of controlling packet transfer in a 
packet network including at least one first nodal portion 
means for transferring packets and receiving packets, 
the packet network also including at least one second 
nodal portion means for receiving packets from at least 
one of a first nodal portion means and a second nodal 
portion means, the second nodal portion means also for 
transferring packets to at least one of a first nodal por- 
tion means and a second nodal portion means, the 
method comprising the steps of: 

measuring a packet receiving capacity, of packets 
being received, of the first nodal portion means; 

adding increase requests to packets being transferred 
from the first nodal portion means when the mea- 
sured receiving capacity is below a predetermined 
value; 

detecting whether packets being received by the first 
nodal portion means include increase requests; 

increasing the packet transfer rate at the first nodal 
portion means when increase requests are detected; 
and 

decreasing the packet transfer rate at the first nodal 
portion means when increase requests are not de- 
tected. 

60. The method according to claim 59, further com- 
prising the step of suspending the inc»^e step when 
the capacity is greater than or equal to the predeter- 
mined value. 

61. The method according to claim 59, wherein 

the increasing step increases the packet transfer rate 

according to an increase acceleration limit; and 
the method further includes the steps of, 
predicting packet congestion within the second 
nodal portion means based on the increase accel- 
eration limit of each first nodal portion means 
from which packets have been received; and 
deleting increase requests from packets received by 
the second nodal portion means when packet 
congestion is predicted by the congestion predic- 
tion means. 

62. The method according to claim 59, wherein 

the inci^a^g step increases the packet transfer rate 
according to an increase acceleration ratio limit; 
and 

the method further includes the steps of, 
predicting packet congestion within the second 
nodal portion means based on the increase accel- 
eration ratio Umit of each first nodal portion 
means from which packets have been received, 
and 

deleting increase requests from packets received by 
the second nodal portion means when packet 
congestion is predicted by the congestion predic- 
tion means. 

• « * * • 
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